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Abstract: Moving toward a sustainable global society requires substantial change in both social and
technological systems. This sustainability is dependent not only on addressing the environmental
impacts of current social and technological systems, but also on addressing the social, economic
and political harms that continue to be perpetuated through systematic forms of oppression and
the exclusion of Black, Indigenous, and people of color (BIPOC) communities. To adequately
identify and address these harms, we argue that scientists, practitioners, and communities need a
transdisciplinary framework that integrates multiple types of knowledge, in particular, Indigenous
and experiential knowledge. Indigenous knowledge systems embrace relationality and reciprocity
rather than extraction and oppression, and experiential knowledge grounds transition priorities
in lived experiences rather than expert assessments. Here, we demonstrate how an Indigenous,
experiential, and community-based participatory framework for understanding and advancing
socio-technological system transitions can facilitate the co-design and co-development of community-
owned energy systems.
Keywords: Indigenous knowledge; community-based participatory approaches; socio-technological
systems transitions; transdisciplinarity; environmental justice; medicine wheel; knowledge sharing
1. Introduction
The transition to a decarbonized energy system is now justifiable on purely eco-
nomic grounds, given the rapid decline in the cost of solar, wind, and battery storage
technologies [1]. However, this transition will involve a complex array of choices about
which technologies to adopt, the scale at which to adopt them, and the sites for locating
their development. These choices are ultimately social choices, shaped by existing solar
relationships among individuals, communities, and institutions. As social choices, the
socio-technological transition to renewable energy systems requires decision making frame-
works that are attentive to how social relationships, including conditions of exclusion and
inequity, shape decision processes.
This is particularly important given the impacts that the current energy system has on
communities. The global impacts of climate change include increased vulnerabilities due
to social, political, and economic systems of violence and oppression against Black, Indige-
nous, and people of color (BIPOC) communities [2,3]. Addressing these global challenges
requires systemic change in the way that we sustain life, manage natural resources and,
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a key focus here, develop and maintain energy systems. The field of socio-technological
systems transitions (STST) provides insights into managing that change by identifying
and analyzing complex considerations across multiple factors associated with technolo-
gies, economies, value systems, and cultures. Current energy frameworks associated with
STST often emphasize one dimension at the expense of others [4]. For instance, work on
energy law and policy prioritizes economics to the detriment of climate change mitigation
and energy security [5]; work examining the physical and mechanical elements of energy
systems often ignores human choice [6]; and frameworks describing energy consump-
tion ignore the human body, focusing instead on the decontextualized and disembodied
mind [7]. Even methodologically, social scientists studying STST often rely on surveys
in lieu of field research, focus groups and interviews [8]; ignore Indigenous communities
as sources of knowledge and provisioners of unique yet legitimate ontologies and con-
ceptions of risk [9] and focus on a single case study rather than comparing cases across
communities or countries, a practice that can result in stronger evidence, the identification
of knowledge gaps [10], and greater insight into the significant role of culture and lifestyle
in determining energy attitudes and behavior [11]. Indeed, most energy STST frameworks
focus on technology, economics, or politics rather than embedded community, human
and cultural values [8].
The success of renewable energy development is often very directly determined by
public acceptance within a local community context, which provides one reason to cen-
ter community values and priorities in any energy decision making framework [12,13].
However, there are many other reasons that we advocate for centering community en-
gagement, participatory approaches, and allowing community priorities to drive energy
system transitions. A large and robust body of research centered on energy justice rec-
ognizes the importance of procedural justice—the inclusive of just, fair, and transpar-
ent processes for making decisions about energy systems—as essential for a just energy
system transition [14,15]. Participatory processes are [16], furthermore, essential for ad-
dressing the systematic exclusion, oppression, and myriad harms caused by the current
energy system, features that are exacerbated by contemporary public health, political,
and environmental crises [17] and that have for centuries silenced, downplayed, or ig-
nored valid knowledge and forms of expertise that challenge the current status quo in
energy systems [18,19].
Below, we propose a framework that is grounded in Indigenous knowledge and
community participatory approaches. This framework focuses on understanding (1) the
barriers and opportunities created by institutions, and (2) that Indigenous communities and
institutions may have divergent perspectives about realities, possibilities, and priorities.
The framework we offer encourages STST scholars and practitioners to honor Indigenous
perspectives and the role they play in shaping the possibilities for systemic change. Our
framework also acknowledges and builds upon findings from science and technology
studies (STS). STS examines how scientific knowledge and technological design are con-
structed and co-produced within social institutions and networks [20]. While STS has
emerged to bridge the socio-technological system gap, it remains largely a social science
field [21] and continues to be epistemologically, methodologically, and geographically
distinct from energy social science [22]. STS has contributed to understanding technolog-
ical transitions, but remains focused on the social dimensions of transformations, with
limited links to engineering, technical dimensions, and non-academic sectors [23–27]. An
STST framework that incorporates perspectives from STS must move beyond narrowly
defined disciplinary fields to include transdisciplinary considerations and deepen engage-
ment, with the possibility of multiple and diverse ways of knowing and being across
community contexts.
Before describing our STST framework in detail, we situate it in the literature by
examining two existing STST frameworks: the multi-level perspective (MLP) [23,28] and
systems dynamics modeling (SDM). Both frameworks are widely used and respected, yet
vary with regard to their incorporation of Indigenous knowledge; their understanding
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of the barriers and opportunities specific to Indigenous communities, such as energy
justice, energy insecurity and energy sovereignty [17]; and their embrace of community-
participatory methods.
2. Existing STST Frameworks
The review of existing STST frameworks provided below is intended to highlight both
the strengths and limitations of two previously developed frameworks that can be applied
to energy transitions research: the multi-level perspective and systems dynamics modeling.
These descriptive summaries of each framework are provided based on a targeted review
of existing literature intended to highlight the key features of each framework. Further-
more, both frameworks are analyzed with regard to how they address the full lifecycle
of considerations for energy systems transitions and how they address issues associated
with social relationships of power and influence, exclusion and vulnerability, and equity
and inclusion.
2.1. The Multi-Level Perspective
The multi-level perspective (MLP) provides a means for examining large-scale, long-
term system change across different levels and focuses on the interactive processes within
and between incumbent regimes [23]. Within the MLP framework, the stability of a
technology entrant is partly contingent on the dominant regime, which includes the public;
however, the public’s values, preferences, and priorities are not central to the interactions
attended to in the MLP framework. It instead prioritizes institutional interactions and
incumbent actors, and the role of radical niche-innovations. MLP also assumes deeply
entrenched rules and norms, which by definition, are the rules and norms of the incumbent
regime and actors [29]. In order for system change to occur, the MLP assumes that radical
niche-innovations, or multiple linked innovations—which can include technologies as
well as consumer practices, policies, infrastructures, business strategies, and cultural
meanings [28]—enter small market niches typically on the periphery (an assumption which
ensures that non-normative values, cultures, and discourses are relegated to the periphery).
These innovations then improve in price and technical performance (first and foremost),
gain support from powerful actors, enter cultural discourses, and ultimately must be
supported by external sociotechnical landscape pressures or driven by internal persistent
problems. By implication, understanding changes in technological innovation requires
consideration of different perspectives involving users, institutions, the existing landscape,
and the technology itself.
The MLP has, for the most, part ignored purposive transitions, such as those centering
around energy sovereignty, energy justice, or decarbonization. These transitions tend not
to rely solely on exploiting commercial opportunities or least-cost pathways, but come
about instead as the result of community priorities, values, and incorporating different
cultural meanings. These types of transitions elevate local policy, culture, and discourse
as crucial drivers of innovation and adoption, and make them necessary units of analysis
in an STST framework. Each has a role in shaping technologies, preferences, objectives,
norms, and debate. Purposive transitions are different from those conventionally analyzed
using the MLP, in that they are less about one-off radical innovations and more about
multi-dimensional struggles between innovations and existing regimes, and they require
expanding our analysis to include issue dynamics as well as innovation dynamics. An
STST framework that builds off the MLP must allow for examination of whole-system
change [23], as well as incorporate individual communities relegated to the periphery in
previous iterations.
The MLP has also been criticized for ignoring interactions between systems; the
adoption, modularization, or hybridization of innovations within existing systems; and
the role of incumbents in resisting or delaying transition [30]. Geels [30], along with
Newell and Paterson [31], identify that big business, fossil-fuel and electric utilities have
amassed considerable structural power and influence developed as a result of states relying
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on energy industries to provide jobs, taxes, and economic growth. This power stems from
long-standing relational networks formed between business leaders and senior policy-
makers, an implicit internalization on the part of policymakers of the ideas and interests
of industries, and finally, well-funded corporate political strategies. The cooperation is
not always implicit, as industry-funded organizations like the American Legislative Ex-
change Council, or ALEC themselves draft and then promote legislation that benefits
incumbents and sabotages efforts to speed transition [32]. This arrangement ultimately
becomes legitimized in civil society via widely accepted discourses (except on the pe-
riphery) and can even alter low-carbon discourses to revolve around energy security and
affordability, rather than on climate change or, as discussed here, energy sovereignty and
energy justice.
Moving beyond an MLP framework requires an interdisciplinary approach, as no
single discipline or ontology is sufficient to understand socio-technical systems [23].
Geels et al. [29] have argued for creating “protected spaces” to prioritize network gov-
ernance and innovation policies and to “encourage learning, network building, initial
deployment, and articulation of visions and discourses.” Expanding the MLP to focus
on “interpretations, interests, resources, and strategies of different actor groups” is key,
as is improving opportunities for stakeholder involvement, social acceptance, and posi-
tive discourses [29] (p. 475). Unlike residential and even community solar projects, regime
actors often champion large-scale technological solutions, such as onshore and offshore
wind and utility scale PV, each of which fits well within their own practices and interests,
but less so with local actors. These types of low-carbon transitions thus become more of
a “techno-economic management challenge” rather than an “agonistic confrontation of
competing visions of a different socio-ecological order” [33] (p. 226).
Previous iterations of the MLP tend to focus on a limited number of actors, concep-
tualize tame processes, and optimize a single dimension, failing to account for difficult
tradeoffs or social controversy. Thus, a new STST framework must account for a wider
range of actors and disruptive, contested values, objectives, and interests—as well as the
tradeoffs between them. It must acknowledge that powerful industries will protect their
vested interests, change will not be linear, and long-term objectives are uncertain and
difficult to articulate or communicate. Finally, an STST framework that improves upon the
MLP must explicitly account for and center energy sovereignty.
2.2. System Dynamics Modeling
The strengths of a system dynamics approach (SDM) to framing technology transitions
lie in its ability to forecast long-term, large-scale dynamics and feedback [34], which can
support discussions around policies and interventions [35,36]. System dynamics can be
used to model technology adoption and to represent “what if” scenarios of how adoption
might play out under different circumstances [37]. SDM can incorporate the preferences
and values of potential adopters (when these are articulated in causal language) through
participatory model-building, and the feedback effects of “word of mouth” on adoption
dynamics [38,39]. In addition, the dynamics of adoption, dis-adoption, re-adoption, and
partial adoption can be captured in a system dynamics framework. However, system
dynamics models do not typically give insight into the technology development stage.
Adoption modeling takes place once a technology and its attributes may be described.
Therefore, integrating system dynamics with a technology development platform such as
participatory design is necessary for a comprehensive framework for socio-technological
transitions. In addition, ethical and cultural aspects of technology are under-described
in the system dynamics literature, although in theory, they could be incorporated. SDM
deals with aggregate groups of potential adopters and is not useful for simulating multiple
types of actors which interact in heterogeneous ways; agent-based modeling is a more
appropriate type of platform for these modeling problems.
Sociological research posits that both adoption and dis-adoption of technology are
driven by reinforcing feedback loops involving trust [40]. As users adopt a technology
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and have a positive experience with it, they share that experience with other potential
users, encouraging their own adoption of the technology. The reverse can also be true
for dis-adoption; users sharing their negative experiences with a technology can lead
to a rapid decline in its use [41]. System dynamics modeling of this social learning
phenomenon builds on the classic Bass diffusion model [42], which yields an S-shaped
growth curve in technology adoption: adoption is slow shortly after the technology’s
introduction, then increases rapidly as positive word of mouth about the technology
spreads, then slows again, as there are few remaining potential adopters. This litera-
ture helps us understand the dynamics of technology adoption as driven by social learn-
ing, and gives us insight into how interactions, communication, and experience with a
technology—whether good or bad—drive adoption trajectories as much as (or perhaps
more than) the attributes of the technology itself. While system dynamics are most com-
monly used to model an individual’s choice of technology, the framework could also be
modified to represent the collective choice of a household, community, or nation. Con-
straints on choices due to policy or economic considerations may also be built into system
dynamics models.
System dynamics modeling using the Bass diffusion model framework has been used
to represent adoption over time of conservation agricultural practices in Zambia [43], other
agricultural technologies [44], and automotive technologies [45]. It may also be used to
model potential adoption trajectories of a technology that does not yet exist, which is
useful for assessing novel or emerging renewable energy technologies [46]. This mod-
eling may be used in a participatory or engaged context, by involving stakeholders or
community members in designing the model, especially around the decision-making pro-
cess [47]. The strengths of a system dynamics framework for understanding technology
trajectories lie in its flexibility and adaptability for use in a range of contexts, scales, and
groups, and the ability of the framework to integrate multiple types of knowledge and
perspectives, e.g. both quantitative and qualitative information [38]. However, the sophis-
ticated mathematics behind the simulations are challenging for some users to navigate, so
graphical representation is critical when communicating model structure and results to
diverse audiences.
2.3. Assessing the MLP and SDM as STST Frameworks
The MLP prioritizes institutional interactions rather than interactions within or among
publics or across human and non-human communities. In the MLP, the stability of a new
technology entrant is partly contingent on the regime, which includes the public; however,
the public’s values, preferences, and priorities are not central to the interactions attended
to in the framework. SDM is useful in predicting the long-term, large-scale dynamics of
technology adoption; however, it provides little insight into the technology development
stage and tends to ignore ethical and cultural aspects of technologies.
While each of these frameworks can provide useful insights into how new tech-
nologies are developed, disseminated, and adopted, there are several aspects of tech-
nological systems transition which they collectively fail to address (see Table 1). First,
there is no single framework that is capable of analyzing an STST throughout its en-
tire trajectory, from needs assessment, to conceptualization, development, dissemination,
adoption, evaluation, and potentially re-design. Technological adoption is often conceptu-
alized as a straightforward, if not linear, process which proceeds smoothly through these
stages, and clearly, this conceptualization does not reflect the complexity and dynamism of
a real-world context [48].
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Table 1. Features of multi-level perspective (MLP) and systems dynamics modeling (SDM) Frameworks Compared to
Understanding Needed in New Framework.
Type of Feature Features of MLP Framework Features of SDM Framework Understanding Needed in New Framework
Scale
Represents large-scale system
change across niches, regimes,
and the socio-technical landscape
Represents both small- and
large-scale systems, but generally
not used across scales
System change can occur at various scales
including both whole-system change and within
individual communities
Interaction At times lacks emphasis oninteractions between systems
Can incorporate interactions
between multiple systems






Systems change occurs through
feedback effects driven by
adoption/disadoption dynamics
System change can occur via purposive transitions
(e.g. energy justice, energy sovereignty)




Centering of the public’s values, preferences,
and priorities
Focus Focuses on a small range of actors Aggregated categories of actors Inclusion of a wider range of actors and disruptive,contested values, objectives, and interests
Disciplines Used by single disciplines Can be either single-disciplineor interdisciplinary Interdisciplinary, if not transdisciplinary
Equity Under addresses issues of equity,inclusion and power
Under addresses issues of equity,
inclusion and power
Addresses the power dynamics between actors
involved in STST including equitable
access to technology
These two frameworks have also failed to sufficiently grapple with the power dynamics
inherent in the relationships between actors involved in STST. For example, Sovacool et al. [20]
argue that STST frameworks have so far failed to examine those processes by which
historically marginalized communities, and Indigenous communities in particular, have
become excluded from the development of innovative energy systems. There is also
extensive literature documenting the unequal access to, and impacts of, technology on
men and women in sub-Saharan Africa [49,50]. Who is at the table when the need for the
technology is identified, when the technology is designed, and when the technology is
disseminated and evaluated, clearly matters for effective and equitable systems transitions.
Considerations of equity, inclusion and power remain under-addressed in both frameworks
and the literature more broadly.
3. An Indigenous Community-Based Participatory STST Framework
The framework proposed below was developed based on previous experiences with
energy systems transitions research [51–53], community engagement and collaborations
regarding energy systems decision making [54], development of decision frameworks for
other contexts, and engagement with Indigenous knowledges and tribal nations collab-
orative partnerships in research [55,56]. The methodology involved in developing this
framework included the assessment of previously developed frameworks as explored
above, deliberate communication among the research team regarding transdisciplinary
research approaches to energy systems decision making, and intentional dialogue and
interaction with tribal nations to ensure that the adapted framework is respectfully em-
bedded within frameworks for Indigenous knowledge and decision making. The research
team is now actively applying this framework to empirical research contexts [57,58] and is
providing this extensive introduction to the framework to invite other scholars to similarly
apply and adapt the framework proposed below when engaging with renewable energy
decision making.
A new framework must be flexible enough to explore how individual and community
actors navigate socio-technological transitions in the presence of incumbent regimes. A
framework should address how community and individual actors navigate the decisions
presented by the regime; how a regime can frame what “community” means; and how
considerations that have little to do with the regime may be prominent in community
discussions. A new model should address how communities approach the decisions an
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incumbent regime presents them, but also the ways in which communities may organize
to advocate for changes to incumbent regimes that may open new spaces of possibility.
The need to address this dynamic is informed by the nature of the energy sector, which,
in the United States, is heavily regulated by state and federal agencies, and frequently
monopolized due to the historic necessity of large, up-front capital investments to fund
energy generation and distribution infrastructure. Utility customers are often unable to
choose their electricity provider, let alone dictate that the energy they consume is produced
and distributed in a sustainable way. Their options are heavily dependent on the utility
service territory where they reside, the priorities of their state legislature and public utility
commission, and the machinations of their regional transmission operator.
Operating within the confines of a regime, an individual monopoly utility customer
may go off-grid or implement efficiency measures to consume less energy. They might
take advantage of incentives their utility offers to install small-scale distributed generation
at their home or business. When all else fails, they may physically move their home or
business to a utility service territory that is more to their liking. To change the system, they
might participate in the regulatory process by submitting public comments or formally
intervening in regulatory proceedings. Or, they could make change by lobbying their
legislator or otherwise participating in the legislative process, as an individual or as a
member of an organization. We believe that the two-way dynamic of STST, that of playing
the hand one is dealt or deciding it is time to reshuffle, is not satisfactorily addressed in the
MLP or SDM frameworks.
In the context of energy, we also see a mismatch between technology adoption and
production that is largely unaddressed by the established models, which assume that actors
will pick up or discard technologies based on their own preferences. In renewable energy
transition, some communities must react to sweeping shifts in energy technology that
may alter landscape and impact the livelihoods of many. For example, the prospect of
utility-scale renewable energy development may alter the economy and landscape of a
region, for the benefit of many who may live outside of that region. In navigating this
transition, these changes are likely to be foremost concerns, not energy itself. Conversely,
some communities must adapt to the closure of fossil fuel plants, and with that change, a
loss of stable employment. This loss may impact how communities view renewable energy
transition in a way that has little to do with sustainability or cost. This dynamic also pits
the needs of an individual community against the financial interests of energy company
owners and shareholders, and, given the nature of utility ratemaking, energy consumers
more broadly.
3.1. Characteristics of the New Framework
Our work with communities and tribal nations in Michigan as part of the Michigan
Community Anishinaabe and Rural Energy Sovereignty, or MICARES, research team has
highlighted the need for an expanded STST framework in order to fulfill the goals of
historically marginalized communities, including Indigenous communities and nations,
when they engage in any technological transition. Specifically considering the work
of energy transitions, many individuals and communities around the world have been
harmed by extractive energy production and exploitative systems of distribution. Though
Indigenous communities and nations have a wide range of experiences, the majority have
been among the most impacted by extractive and exploitative energy systems, and they
have also been among the most creative and effective in addressing their energy needs in
a way that is environmentally and economically just. In some cases, their approach has
been inspired by their relationships with, and responsibility to, the natural world, or what
Indigenous scholar Kimmerer [59] calls a “covenant of reciprocity”. The covenant starts
with the worldview that nonhuman beings such as plants are to be treated with the same
respect that we give our human relatives [59]. This worldview changes the focus from
looking at the land as a natural resource to be exploited to one of a balanced reciprocal
relationship where the land and nonhuman beings are relatives. Additionally, Indigenous
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peoples’ perspectives are informed by their legal sovereignty, which arguably empowers
them to envision an always already decolonized strategy designed to fulfill their unique
priorities in concert with their values. In this, tribal nations have something to teach the
denizens of majority non-Indigenous rural communities who are struggling with high
energy and electricity costs, unreliable service, and unsustainable emissions offered them
by fossil fuel corporations and investor-owned monopoly utilities.
The work of tribal nations can also inform researchers who are looking for a new
framework through which to understand transitions more broadly. We propose that there
is a need to address the weaknesses of previous STST frameworks to tackle questions
of agency and sovereignty, such as the following: When evaluating the priorities sur-
rounding transitions, whose needs are centered in the process? Who is at the table when
the need for technology is addressed, and who gets to decide how the technology is
designed, disseminated, and evaluated? Indigenous methodologies necessarily include
these questions.
We propose a new framework for STST that incorporates all the dimensions of STS
through community-based participatory and Indigenous research approaches. The core as-
pects of participatory research are nicely summarized by the phrase “research ‘with’ rather
than ‘on’ people” [16] (p. 29). In other words, “all parties participate and share control over
all phases of the research process” [60] (p. 50). This framework is dynamic, flexible, and
centers on community-based participatory and Indigenous research approaches, including
the utilization of Indigenous knowledges when working with Indigenous communities, as
well as relationships between technology developers, technology users, and other people
and systems impacted by the technology. (In order to recognize the complex diversity of
histories, cultures, languages, and practices among Indigenous communities, we utilize
the plural term “knowledges” in reference to Indigenous knowledges.) By their nature,
transitions imply a change in the state and function of key variables over time. A dy-
namic framework is necessary to capture these changes at different stages of technology
development, diffusion, and evaluation.
For the new STST framework to do this work, there needs to be a core that focuses
on relationality and reciprocity, as well as responsibility and respect. Indigenous research
approaches are characterized by relationship-building and reciprocity, as are community-
based participatory research approaches. As Wilson [61] explains, an Indigenous research
methodology occurs when “as a researcher, you are answering to all your relations when
you are doing research,” and the researcher should be asking, “Am I fulfilling my role
and obligations in this relationship?” (p. 178). While an indigenous axiology, “needs to
be an integral part of the methodology so that when you are gaining knowledge, you are
not just gaining in some abstract pursuit, you are gaining knowledge in order to fulfill
your end of the research relationship” [61] (p. 179). As a result, Indigenous research and
energy projects are about establishing and maintaining reciprocal relationships. As such,
a framework built on indigenous and participatory values is necessarily dynamic and
flexible and incorporates elements inadequately enacted in previous frameworks.
3.2. Example of the New Framework—The Medicine Wheel
The medicine wheel (see Figure 1) that is at the heart of the MICARES project is an
example of the type of community-based participatory framework that is missing from
previous STST frameworks. In particular, it is a case study of how Indigenous knowledges,
including a focus on relationality, reciprocity, responsibility and respect, can be applied
to STST [61,62]. Relationality refers to an accountability to relationships, both human and
nonhuman [61,62]. Those relationships should be mutually beneficial or reciprocal and
based on an understanding of the relationship holders’ responsibilities and rights [61,62].
The medicine wheel is based on our tribal nation partners’ Anishinaabeg teachings of the
medicine wheel or sacred hoop symbol. This framework is significant because it acknowl-
edges the nations and knowledge systems of the Anishinaabeg Three Fires Confederacy,
whose ancestral, traditional, and contemporary lands MICARES’ primary universities,
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Michigan Technological University (MTU) and Michigan State University (MSU), occupy.
The Anishinaabeg are one of the largest Indigenous groups in North America, with nearly
150 different bands living throughout their original homeland in present day United States
and Canada. Together known as the Three Fires Confederacy, the Anishinaabeg are cur-
rently identified by various names: the Chippewa, Ojibway, Ojibwe, or Ojibwa, as well
as the Ottawa or Odawa, and Potawatomi or Bodewadomi. As such, this framework is
foundational to, and interwoven throughout, the MICARES project approach.
Figure 1. Michigan Community Anishinaabe and Rural Energy Sovereignty (MICARES) Medicine
Wheel Framework.
This medicine wheel framework highlights the inherent relationality and the dynamic
systems balance that must be sought when engaging in STST; technological systems and
potential changes to them are always, and in every instance, deeply intertwined with social
issues like exclusion and oppression, wellbeing and opportunity, control and dependency.
They are also always intertwined with epistemological, as well as ethical questions about
the knowledges we value and the forms of social organization believed to promote social
justice, wellbeing, and quality of life. By asking the questions centered by this framework,
scholars and practitioners alike can engage with the wisdom provided by Indigenous
knowledge systems to engage in community-based and participatory inquiries that allow
community knowledge, experience, values, and priorities to shape transitions.
Additionally, the cyclical nature of the medicine wheel elegantly addresses the gaps
we identified in the MLP framework for communities navigating technology adoption in
the context of an incumbent regulatory regime. The wheel’s final question, “What should
we do about it together?”, may be answered by a community embracing solutions made
readily available by the regime; by organizing to enact changes to the regime; or by doing
some combination of the two concurrently. Regardless of what actions a community takes,
when navigating their new reality they will once more face east and ask, “What do we care
about?” to begin the cycle anew. The medicine wheel accommodates the nonlinear reality
of STST and allows it to progress in fits and starts; it allows change actors to have complex,
competing values that change over time; and it enables their decisions to be impactful on
both a community- and regime-wide scale.
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4. Discussion and Conclusions
The global crisis of climatic change caused by contemporary human activities clearly
calls for proactive engagement with STST. The frameworks developed within the field of
STS and beyond that are used to study, understand, and engage in STST all provide unique
and novel insight. However, they also all fail to acknowledge that the conditions calling
for rapid STST are not only environmental or ecological crises; human society globally
also continues to grapple with systems of exclusion and oppression that disproportion-
ately harm BIPOC communities, and the two crises of the global environment and of
social injustice are linked and require a coherent framework that can acknowledge and
attend to both.
Frameworks used to study STST that fail to acknowledge the inherent systems of
knowledge production and systems of exclusion and oppression underlying current socio-
technological systems are necessarily partial and lacking. Instead, we argue for a framework
that centers on questions meant to force the consideration of issues regarding structures
of power and systems of erasure. Asking communities directly about what they know
and what they value and treating communities as experiential experts with valuable
knowledge and expertise to share centers’ community concerns and values rather than
centering technical or economic priorities. Indigenous and community-based research
practices offer methods for conducting this type of research that may be integrated into
socio-technological systems transition work (examples include participatory design and
participatory modeling). Given the diversity in knowledge systems and ways of knowing
that characterize human communities, it is essential to interrogate and fully understand
a community’s knowledge system, rather than imposing or presuming a shared way of
knowing across communities and with practitioners or decision makers. Furthermore,
asking questions about what is possible forces consideration of the structures of power and
systems of oppression that may shape barriers to, or impossibilities of, change.
We argue that an STST framework grounded in Indigenous ways of knowing and
prioritizing community-based participatory approaches is essential for elucidating the rela-
tionships among the shared ecological and social crises facing humans in the contemporary
world. Building this framework around the Medicine Wheel centers the relationality and
reciprocity inherent within STST decision making. It also centers four core questions that
can be used to better understand diverse ways of knowing and the role of exclusion and
oppression in maintaining the status quo. This proposed framework can guide STST in
ways that are necessary to create a more just and sustainable world.
Author Contributions: Conceptualization, M.S. (Marie Schaefer)., L.S.O., K.A.; investigation, M.S.
(Marie Schaefer)., K.A., C.M.P., E.M., D.B., C.S.; data curation, M.S. (Marie Schaefer), K.A., C.M.P.,
E.M., D.B., C.S., A.A.; writing—original draft preparation, M.S. (Marie Schaefer)., L.S.O., K.A., C.M.P.,
C.S., D.B., M.S. (Marika Seigel); writing—review and editing, M.S. (Marie Schaefer)., L.S.O., K.A.,
C.M.P., E.M., M.S. (Marika Seigel), C.S., D.B., A.A.; project administration, M.S. (Marie Schaefer). All
authors have read and agreed to the published version of the manuscript.
Funding: Funding for this work has been provided to a large, transdisciplinary research team
through the National Science Foundation Convergence program, on a project titled “GCR: Michigan
Community & Anishinaabe Renewable Energy Sovereignty [MICARES],” award #1934346.
Institutional Review Board Statement: While this paper does not report any empirical data associ-
ated with human subjects’ research, ongoing research associated with this project is being conducted
with approvals for research based on human subjects review through Institutional Review Boards
at Michigan Technological University and Michigan State University. Given their status as pre-
constitutional sovereign entities, research with Tribal Nations communities requires a separate review
and approval process within each Tribal Nation, and the research team follows the guidelines for
legal and ethical research both for their academic institutions and their Tribal Nations partners.
Informed Consent Statement: Not applicable
Data Availability Statement: Not applicable.
Sustainability 2021, 13, 2257 11 of 13
Acknowledgments: The authors would like to thank the MICARES team and our partners.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. National Academies of Sciences, Engineering, and Medicine. Accelerating Decarbonization of the U.S. Energy System; The National
Academies Press: Washington, DC, USA, 2021.
2. U.S. Global Change Research Program. Fourth National Climate Assessment: Impacts, Risks, and Adaptation in the United States.
Summary Findings and Overview; U.S. Global Change Research Program. 2018. Available online: https://nca2018.globalchange.
gov/ (accessed on 12 January 2021).
3. Whyte, K.P. Way Beyond the Lifeboat: An Indigenous Allegory of Climate Justice. In Climate Futures: Reimagining Global Climate
Justice; Munshi, D., Bhavnani, K., Foran, J., Kurian, P., Eds.; Zed Books: New York, NY, USA, 2019; pp. 11–20.
4. Geels, F.W.; Sovacool, B.K.; Schwanen, T.; Sorrell, S. Sociotechnical transitions for deep decarbonization. Science 2017, 357,
1242–1244. [CrossRef] [PubMed]
5. Heffron, R.J.; McCauley, D.; Sovacool, B.K. Resolving society’s energy trilemma through the Energy Justice Metric. Energy Policy
2015, 87, 168–176. [CrossRef]
6. Lutzenhiser, L.; Shove, E. Contracting knowledge: The organizational limits to interdisciplinary energy efficiency research and
development in the US and the UK. Energy Policy 1999, 27, 217–227. [CrossRef]
7. Wallenborn, G.; Wilhite, H. Rethinking embodied knowledge and household consumption. Energy Res. Soc. Sci. 2014,
1, 56–64. [CrossRef]
8. Sovacool, B.K. What are we doing here? Analyzing fifteen years of energy scholarship and proposing a social science research
agenda. Energy Res. Soc. Sci. 2014, 1, 1–29. [CrossRef]
9. Sidortsov, R. Reinventing rules for environmental risk governance in the energy sector. Energy Res. Soc. Sci. 2014, 1,
171–182. [CrossRef]
10. Hantrais, L. Social Research Update 13: Comparative Research Methods. Available online: https://sru.soc.surrey.ac.uk/SRU13.
html (accessed on 9 February 2021).
11. Wilhite, H.; Nakagami, H.; Masuda, T.; Yamaga, Y.; Haneda, H. A cross-cultural analysis of household energy use behaviour in
Japan and Norway. Energy Policy 1996, 24, 795–803. [CrossRef]
12. Wustenhagen, R.; Wolsink, M.; Burer, M.J. Social acceptance of renewable energy innovation: An introduction to the concept.
Energy Policy 2007, 35, 2683–2691. [CrossRef]
13. Sharpton, T.; Lawrence, T.; Hall, M. Drivers and barriers to public acceptance of future energy sources and grid expansion in the
United States. Renewable Sustain. Energy Rev. 2020, 126, 109826. [CrossRef]
14. Sovacool, B.K.; Dworkin, M.H. Energy justice: Conceptual insights and practical applications. Appl. Energy 2015, 142,
435–444. [CrossRef]
15. Jenkins, K.; McCauley, D.; Heffron, R.; Stephan, H.; Rehner, R. Energy justice: A conceptual review. Energy Res. Soc. Sci. 2016, 11,
174–182. [CrossRef]
16. Maguire, P. Doing Participatory Research: A Feminist Approach; University of Massachusetts Amherst: Amherst, MA, USA, 1987.
17. Brosemer, K.; Schelly, C.; Gagnon, V.; Arola, K.L.; Pearce, J.M.; Bessette, D.; Olabisi, L.S. The energy crises revealed by COVID:
Intersections of Indigeneity, inequity, and health. Energy Res. Soc. Sci. 2020, 68, 101661. [CrossRef]
18. Senanayake, S.G.J. Indigenous knowledge as a key to sustainable development. J. Agric. Sci. Sri Lanka 2006, 2, 87–94. [CrossRef]
19. Zentner, E.; Kecinski, M.; Letourneau, A.; Davidson, D. Ignoring Indigenous peoples—climate change, oil development, and
Indigenous rights clash in the Arctic National Wildlife Refuge. Clim. Change 2019, 155, 533–544. [CrossRef]
20. Sovacool, B.K.; Hess, D.J.; Amir, S.; Geels, F.W.; Hirsh, R.; Rodriguez Medina, L.; Miller, C.; Palavicino, C.A.; Phadke, R.;
Ryghaug, M.; et al. Sociotechnical agendas: Reviewing future directions for energy and climate research. Energy Res. Soc. Sci.
2020, 70, 101617. [CrossRef]
21. Bauer, H.H. Barriers against Interdisciplinarity: Implications for Studies of Science, Technology, and Society (STS). Sci. Technol.
Hum. Values 1990, 15, 105–119. [CrossRef]
22. Hess, D.J.; Sovacool, B.K. Sociotechnical matters: Reviewing and integrating science and technology studies with energy social
science. Energy Res. Soc. Sci. 2020, 65, 101462. [CrossRef]
23. Geels, F.W. Disruption and low-carbon system transformation: Progress and new challenges in socio-technical transitions research
and the Multi-Level Perspective. Energy Res. Soc. Sci. 2018, 37, 224–231. [CrossRef]
24. Li, F.G.N.; Trutnevyte, E.; Strachan, N. A review of socio-technical energy transition (STET) models. Technol. Forecast. Soc. Change
2015, 100, 290–305. [CrossRef]
25. Smith, A.; Stirling, A. The Politics of Social-ecological Resilience and Sustainable Socio-technical Transitions. Ecol. Soc. 2010, 15,
1–13. [CrossRef]
26. Späth, P.; Rohracher, H. “Energy regions”: The transformative power of regional discourses on socio-technical futures. Res. Policy
2010, 39, 449–458. [CrossRef]
27. Verbong, G.; Geels, F. The ongoing energy transition: Lessons from a socio-technical, multi-level analysis of the Dutch electricity
system (1960–2004). Energy Policy 2007, 35, 1025–1037. [CrossRef]
28. Geels, F.W.; Schot, J. Typology of sociotechnical transition pathways. Res. Policy 2007, 36, 399–417. [CrossRef]
Sustainability 2021, 13, 2257 12 of 13
29. Geels, F.W.; Sovacool, B.K.; Schwanen, T.; Sorrell, S. The Socio-Technical Dynamics of Low-Carbon Transitions. Joule 2017, 1,
463–479. [CrossRef]
30. Geels, F.W. Regime Resistance against Low-Carbon Transitions: Introducing Politics and Power into the Multi-Level Perspective.
Theory Cult. Soc. 2014, 31, 21–40. [CrossRef]
31. Newell, P.; Paterson, M. A climate for business: Global warming, the state and capital. Rev. Int. Political Econ. 1998, 5,
679–703. [CrossRef]
32. American Legislative Exchange Council. Available online: https://www.sourcewatch.org/index.php/American_Legislative_
Exchange_Council (accessed on 10 February 2021).
33. Swyngedouw, E. Apocalypse Forever? Theory Cult. Soc. 2010, 27, 213–232. [CrossRef]
34. Sterman, J.D. System Dynamics Modeling: Tools for Learning in a Complex World. Calif. Manag. Rev. 2001, 43, 8–25. [CrossRef]
35. Stave, K.A. Using system dynamics to improve public participation in environmental decisions. Syst. Dyn. Rev. 2002, 18,
139–167. [CrossRef]
36. Hirsch, G.B.; Levine, R.; Miller, R.L. Using system dynamics modeling to understand the impact of social change initiatives.
Am. J. Community Psychol. 2007, 39, 239–253. [CrossRef]
37. Meadows, D.H.; Wright, D. Thinking in Systems: A Primer; Earthscan: London, UK, 2008; ISBN 9781603580557.
38. Hovmand, P.S. Community Based System Dynamics; Springer: New York, NY, USA, 2014.
39. van den Belt, M. Mediated Modeling: A System Dynamics Approach to Environmental Consensus Building; Island Press: Washington,
DC, USA, 2004; ISBN 9781559639613.
40. Rogers, E.M. Diffusion of Innovations, 5th Edition; Free Press: New York, NY, USA, 2003; ISBN 9780743258234.
41. Ulli-Beer, S.; Gassmann, F.; Bosshardt, M.; Wokaun, A. Generic structure to simulate acceptance dynamics. Syst. Dyn. Rev. 2010,
26, 89–116. [CrossRef]
42. Bass, F.M.; Jain, D.; Krishnan, T. Modeling the marketing-mix influence in new-product diffusion. In New-Product Diffusion
Models; Mahajan, V., Muller, E., Wind, Y., Eds.; Springer Science & Business Media: New York, NY, USA, 2000; pp. 99–123.
ISBN 9780792377511.
43. Amelia, D.F.; Kopainsky, B.; Nyanga, P. Exploratory model of conservation agriculture adoption and diffusion in Zambia: A
dynamic perspective. In Proceedings of the 32nd International Conference of the System Dynamics Society, Delft, The Netherlands,
20–24 July 2014.
44. Fisher, D. Understanding technology adoption through system dynamics modeling: Implications for agribusiness management.
Inter. Food Agribus. Manag. Rev. 2000, 3, 281–296. [CrossRef]
45. Santa-Eulalia, L.A.; Neumann, D.; Klasen, J. A simulation-based innovation forecasting approach combining the bass diffusion
model, the discrete choice model and system dynamics-an application in the German market for electric cars. In Proceedings of
the Electric Vehicle Symposium, Gothenburg, Sweden, 23–29 October 2011.
46. Grabowski, P.; Olabisi, L.S.; Adebiyi, J.; Waldman, K.; Richardson, R.; Rusinamhodzi, L.; Snapp, S. Assessing adoption potential
in a risky environment: The case of perennial pigeonpea. Agric. Syst. 2019, 171, 89–99. [CrossRef]
47. Hovmand, P. Participatory system dynamics modelling for housing, energy and wellbeing interactions. In Community Based
System Dynamics; Springer: New York, NY, USA, 2014; pp. 17–30.
48. Adebiyi, J.A.; Olabisi, L.S.; Richardson, R.; Liverpool-Tasie, L.S.O.; Delate, K. Drivers and Constraints to the Adoption of Organic
Leafy Vegetable Production in Nigeria: A Livelihood Approach. Sustainability 2020, 12, 96. [CrossRef]
49. Murage, A.W.; Midega, C.A.O.; Pittchar, J.O.; Pickett, J.A.; Khan, Z.R. Determinants of adoption of climate-smart push-
pull technology for enhanced food security through integrated pest management in eastern Africa. Food Secur. 2015, 7,
709–724. [CrossRef]
50. Diouf, N.S.; Ouédraogo, I.; Zougmoré, R.B.; Ouédraogo, M.; Partey, S.T.; Gumucio, T. Factors influencing gendered access to
climate information services for farming in Senegal. Gend. Technol. Dev. 2019. [CrossRef]
51. Schelly, C. Residential solar electricity adoption: What motivates, and what matters? A case study of early adopters. Energy Res.
Soc. Sci. 2014, 2, 183–191. [CrossRef]
52. Schelly, C. Understanding Energy Practices: A Case for Qualitative Research. Soc. Nat. Resour. 2016, 29, 744–749. [CrossRef]
53. Schelly, C.; Prehoda, E.; Price, J.; Delach, A.; Thapaliya, R. Ratepayer Perspectives on Mid- to Large-Scale Solar Development on
Long Island, NY: Lessons for Reducing Siting Conflict through Supported Development Types. Energies 2020, 13, 5628. [CrossRef]
54. Prehoda, E.; Winkler, R.; Schelly, C. Putting Research to Action: Integrating Collaborative Governance and Community-Engaged
Research for Community Solar. Soc. Sci. 2019, 8, 11. [CrossRef]
55. Bessette, D.L.; Arvai, J.; Campbell-Arvai, V. Decision support framework for developing regional energy strategies.
Environ. Sci. Technol. 2014, 48, 1401–1408. [CrossRef]
56. Kenney, L.; Bessette, D.; Arvai, J. Structuring decisions about energy in developing communities: An example from Canada’s
north. J. Environ. Plan. Manag. 2015, 58, 855–873. [CrossRef]
57. Schelly, C.; Bessette, D.; Brosemer, K.; Gagnon, V.; Arola, K.; Fiss, A.; Pearce, J.M.; Halvorsen, K.E. Energy policy for energy
sovereignty: Can policy tools enhance energy sovereignty? Solar Energy 2020, 205, 109–112. [CrossRef]
58. Schelly, C.; Lee, D.; Matz, E.; Pearce, J.M. Applying a Relationally and Socially Embedded Decision Framework to Solar
Photovoltaic Adoption: A Conceptual Exploration. Sustainability 2021, 13, 711. [CrossRef]
Sustainability 2021, 13, 2257 13 of 13
59. Kimmerer, R.W. Braiding Sweetgrass: Indigenous Wisdom, Scientific Knowledge and the Teachings of Plants; Milkweed Editions:
Minnesota, MN, USA, 2013; ISBN 9781571318718.
60. Israel, B.A.; Schultz, A.J.; Parker, E.A.; Becker, A.B.; Allen, A.J.; Guzman, J.R. Critical Issues in Developing and Following CBPR
Principles. In Community-Based Participatory Research for Health: Advancing Social and Health Equity; Wallerstein, N., Duran, B.,
Oetzel, J.G., Minkler, M., Eds.; Jossey-Bass: San Francisco, CA, USA, 2008; pp. 31–46.
61. Wilson, S. What Is an Indigenous Research Methodology? Can. J. Nativ. Educ. 2001, 25, 175–179.
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